1 Carcass and meat quality evaluation conducted on left side of the carcass. The carcass is the empty porcine body with all internal organs and head removed.
INTRODUCTION
Phosphorus surplus in soils in areas of intense livestock production is an ongoing serious problem (MacDonald et al., 2011) . To address the issue, Golovan et al. (2001) developed a transgenic pig that secreted phytase from the salivary glands into saliva. These pigs were able to digest practically all phytate P present in plant feed-based diets. However, the line contained a very high transgene copy number and as a consequence, stability of the insert was a concern. ABSTRACT: A transgenic line of Yorkshire (YK) pigs named the Cassie (CA) line was produced with a low copy number phytase transgene inserted in the genome.
The transgenic line efficiently digests P, Ca, and other major minerals of plant dietary origin. The objectives of this study were to 1) compare carcass and tissue nutrient composition and meat quality traits for third generation hemizygous CA line market BW finisher pigs (n = 24) with age-matched conventional YK finisher pigs (n = 24) and 2) examine effects of outbreeding with high-index conventional YK boars on modifying carcass leanness from the third to sixth generations in CA line finisher boars (n = 73) and gilts (n = 103). Cassie boars (n = 12) and CA gilts (n = 12) were fed diets without supplemental P and comparable numbers of age-matched YK boars and gilts fed diets containing supplement P were raised throughout the finisher phase. The pigs were slaughtered and then fabricated into commercial pork primals before meat composition and quality evaluation. Proximate and major micronutrient composition was determined on tissues including fat, kidney, lean, liver, and skin. The main difference observed was greater (P = 0.033) crude fat content in CA boar carcasses and increased (P < 0.04) leaf lard in both CA boars and gilts but no differences were observed (P = 0.895 and P = 0.223, respectively) in carcass backfat thickness as compared with YK pigs. There were no substantive differences in tissue composition, except for CA boar kidneys. Numerous changes in the mineral, fatty acid, and indispensable AA composition for CA boar kidneys were not apparent in CA gilts. These changes may point to adaptive physiological changes in the boar kidney necessary for homeostatic regulation of mineral retention related to phytase action rather than to insertion of the transgene. However, from a meat composition perspective, transgenic expression of phytase in the CA line of YK pigs had little overall effect on meat composition. Outbreeding of high-index CA gilts with high-index commercial YK boars linearly reduced (P = 0.002) back fat thickness with a corresponding linear increase (P = 0.001) in lean yield in finisher CA gilts, although no change in these parameters was observed in CA finisher boars. The increase in lean yield in CA gilts by selective breeding without affecting the level of salivary phytase activity documents the value of conventional genetic selection in conjunction with genetic modification. Forsberg et al. (2013) characterized a different line of phytase pigs, the Cassie (CA) line with 3 copies of the transgene, and demonstrated that the transgene integration site and salivary phytase production were stable through 9 generations. In a subsequent study, Meidinger et al. (2013) reported that the CA line of pigs fed a diet lacking supplemental P gained weight at a rate equal to that of conventional Yorkshire (YK) pigs fed the same basal diet supplemented with phosphorus. When both CA and YK pigs were fed diets lacking supplemental P, CA pigs retained between 25 and 91% more dietary P than YK pigs. This capability also enabled efficient digestion of Ca and other macrominerals in CA pigs fed plant feed-based diets.
A concern with genetic modification of food animals is that the transgenic event may have a deleterious effect on physiological characteristics that affect meat safety (Borchers et al., 2010) . Because no prior studies have been conducted to address meat safety in transgenic pigs, we have conducted a detailed comparative study of meat composition in the CA line of transgenic YK pigs fed a diet lacking supplemental P with that of conventional YK pigs fed a diet containing supplemental P to provide baseline data for assessment of food safety for transgenic food animals using the phytase pig as the model. An additional objective of this study was to examine whether outbreeding of the CA line with commercial high-index conventional YK boars would increase the carcass lean trait in CA line finisher pigs, since this would enable assessment of the value of genetic modification in conjunction with conventional breeding to improve food animal meat composition.
MATERIALS AND METHODS

Pigs
The experimental protocols were in accordance with the Canadian Council on Animal Care (CCAC) guidelines on the care and use of farm animals in research, teaching and testing and CCAC guidelines on transgenic animals (CCAC, 1997 (CCAC, , 2009 ). The confinement measures used for raising the transgenic pigs were described in the Canada Gazette, Vol. 144, No. 8, February 20, 2010 (http://canadagazette.gc.ca/rp-pr/p1/2010/2010-02-20/html/notice-avis-eng.html).
The finisher pigs used in Exp. 1 were from the growth trial described in Meidinger et al. (2013) . The previous study evaluated 12 previously weaned transgenic CA boars hemizygous for the phytase transgene and 12 previously weaned age-matched transgenic CA gilts hemizygous for the phytase transgene from the third generation of the line fed a diet lacking supplemental P and an equal number of age and weight matched YK boars and gilts fed a diet containing supplemental P (see Supplemental Table 1 copied from ). Postweaning pigs were randomly housed in individual pens within the same room and were allowed free access to water and to diets based on their BW as described in Meidinger et al. (2013) .
Cassie finisher pigs used in Exp. 2 consisted of all CA pigs raised in the barn during generations 3, 4, 5, and 6, except for the third generation CA pigs used in Exp. 1. In this trial, CA pigs had free access to water and feed. The CA pigs were fed diets that lacked supplemental P (Supplemental Table 1 ). Starting at the third generation, hemizygous CA gilts with a high lean index and high phytase activity were bred with commercial semen from a high lean index boar from Ontario Swine Improvement (OSI; Innerkip, ON, Canada). Hemizygous CA gilts with a high lean index and high phytase activity from this third generation mating were then bred with high lean index but genetically unrelated boar semen commercially available from OSI to produce fourth generation hemizygous CA gilts. This approach was repeated for each of the subsequent CA generations. University of Guelph (Guelph, ON, Canada) conventional YK breeding pigs were maintained under the same conditions as the CA pigs with free access to water and feed. The diets were similar, except that supplemental phosphorus was included in the diets for the conventional YK pigs (Supplemental Table 1 ). Herd improvement was managed through a combination of breeding gilts with high-index in-house boars along with using semen from high-index boars at OSI.
Backfat thickness was determined using ultrasound during the finisher phase for subsequent calculation of lean yield using the procedure described by Pomar et al. (2001) .
Status of the Transgenic Swine Herd
All live transgenic swine containing the phytase transgene were euthanized in 2012 and are no longer maintained at the University of Guelph. However, semen was collected from 3 of the highest quality ninth generation transgenic pigs that were homozygous for the phytase transgene and sent to the national repository, the Canadian Animal Genetics Resources Program operated by Agriculture and Agri-Food Canada, Saskatoon, SK, Canada, for permanent cryopreservation and storage. Samples of semen for regeneration of a transgenic herd may be available to qualified research institutions licensed to maintain transgenic pigs under specific and stringent containment conditions. For further information please contact the Catalyst Centre at the University of Guelph.
Carcass Processing (Experiment 1)
The 3 heaviest pigs between 85 and 120 kg BW for each sex and breed (12 in total) were selected each week (over a 4-wk period) for slaughter. After a 24-h period of feed withdrawal, selected pigs were transported to a nonregulated slaughter facility, weighed, electrically stunned, and exsanguinated. Blood was collected and the weight recorded. The body was eviscerated with visceral organs (heart, liver minus the gall bladder, kidneys, and lungs minus trachea) weighed, cut into 2.5-cm cubes, and frozen at -20°C. The cubes of organs were ground using a Butcher Boy grinder model TCA 12 (Berkel Sales and Service, Houston, TX) fitted with an end plate having 3 mm diam. holes. Each sample was passed through the grinder 3 times to ensure complete disruption and mixing. The ground contents were placed in preweighed aluminum trays with wax paper lids and weighed; the trays were frozen at -20°C and then freezedried to constant weight. Before chemical analysis, all freeze-dried tissue samples were individually ground to a fine powder in a coffee grinder (Black and Decker Smart Grind; Applica Consumer Products Inc., Shelton, CT). The gastrointestinal tract (i.e., esophagus, stomach, spleen, jejunum, ileum, cecum, colon, and rectum) plus the reproductive organs and the urinary bladder were pooled, weighed, and designated as "Other." This weight was used for calculations in Table 1 . Subsequently, the head was added to the "Other" fraction and frozen as a block at -20°C. The block of frozen tissues was later cut into 10-cm cubes using a band saw and ground using an Audio 801B grinder (Speco Inc., Schiller Park, IL) fitted with an endplate with 1 cm diam. apertures. The "Other" from each pig was passed through the grinder 3 times to ensure proper grinding and mixing of the tissues. Triplicate subsamples were removed, immediately weighed, and freeze-dried to constant weight in aluminum foil trays sealed with waxed paper covers. Between samples, the auger and end plate of the Audio 801B grinder were removed and cleaned.
The carcass (defined as the empty porcine body with all internal organs and head removed) was weighed and then split vertically down the midline into approximately equal sides. Each carcass side was weighed hot. The right side of the carcass was immediately frozen at -20°C and cut into 10-cm cubes using a band saw with the cubes ground and processed as described for "Other" (see above).
The left side of the carcass was skinned and hung at 2°C for 24 h. The chilled side weight was recorded; subcutaneous back fat depths (cm) were then measured at the first rib, last rib, and last lumbar midline. The carcass was then cut into pork primals including ham, loin, Boston butt, picnic, and boneless belly with weights for individual primals recorded (CFIA, 2004) .
The loin was cut into 2 pieces between the third and fourth last ribs to expose the rib interface that consisted primarily of subcutaneous back fat covering the LM that 2 n = 12 for each of the number of CA boars, CA gilts, conventional YK boars, or gilts. 3 Pooled SEM (n = 12). 4 Carcass is the empty porcine body with the head attached but all internal organs removed. 5 Right side of carcass lacking the head and left side of carcass lacking the head (LC).
lies over a rib. This site is the grading site (location) where pig carcasses are probed at commercial slaughter plants to determine saleable meat yield and carcass value. Carcass measurements were assessed at the interface between the third and fourth last ribs by an experienced carcass evaluator and included 1) subcutaneous fat depth (cm), 2) LM depth (cm), 2) LM length (cm), and 4) LM area (cm 2 ). The LM was removed from the loin and a 4-cm thick chop was cut cranial to the grading site. The chop was trimmed of epimysium and subcutaneous fat, weighed, and then evaluated for various subjective and objective measures of meat quality. Ultimate pH was determined on boneless LM based on the average of 3 measurements from each chop 24-h postmortem using an Accumet pH meter, model AP71, with a 2091AK probe (Fisher Scientific Co., Ottawa, ON, Canada).
The boneless chop was placed on butcher paper with the fresh cut surface exposed to atmospheric oxygen in air for 30 min to enhance color development. Afterward, the longissimus was subjectively evaluated as described by the National Pork Producers Council (NPPC, 1999) for the following meat quality traits: 1) muscle color (CIE, 1976), 2) muscle firmness, 3) muscle wetness, 4) Japanese color score, and 5) marbling score.
Drip loss was then determined using a modification of the method described by Honikel (1998) . A hand-held stainless steel coring device (4 cm in diam.) was used to remove a section of muscle that was then cut in half with each half weighed. Each tissue sample was suspended on a string within a plastic bag ensuring that the sample did not touch the sample bag and that the humidity and airflow remained constant at a temperature of 2°C. At 48 h, each sample was removed, blotted twice with a paper towel without squeezing of the muscle sample, and weighed. The percentage drip was calculated by dividing loss in weight (because of drip) by initial weight × 100.
During the process of separating the ham into lean, fat, and bone fractions, the biceps femoris muscle was removed and trimmed of all external fat. The muscle was cut in half and then a 4-cm thick "chop" was cut from the left half of the muscle and placed on butcher paper with the fresh cut surface exposed to atmospheric oxygen in air for 30 min to enhance color development. Afterward, the biceps femoris muscle was evaluated for subjective and objective measures of meat quality previously described for the longissimus.
Each carcass primal was then separated into lean, fat, and bone fractions and individually weighed. The bone, fat, lean, skin, and boneless belly fractions were cut into cubes, ground in a Hobart grinder, and then weighed and subsampled; the samples were freeze-dried and later ground as described for the right side of the carcass.
Chemical Analyses
For Exp. 1, all tissue samples with the exception of blood and fat were freeze-dried with measurement of free water losses. Samples were ground to a fine powder before analyses. Moisture (bound water) and DM contents in ground freeze-dried samples were determined by AOAC (1995) methods 926.08 and 925.10 (AOAC, 2000) , respectively. Crude protein was determined based on AOAC method 992.15 (1992) while crude ash was determined based on AOAC method 936.07 (AOAC, 1936) . Individual minerals were determined using U.S. Environmental Protection Agency method 6010A. Total fat and individual fatty acids were determined by AOAC method 996.06 (AOAC, 2001) . Nitrogen-free extract (NFE) representing all soluble carbohydrates was then calculated by difference, assuming crude fiber content in meat samples was at 0. Gross energy per gram DM was calculated using the values 17 KJ/g of protein and NFE and 38 KJ/g of fat. Except for sulfur AA and Trp, other AA profiles of samples were determined using the AOAC official method 982.30 (AOAC, 2006 ) that involved acid hydrolysis in 6 M HCl. Performic acid oxidation was used in the determination of sulfur AA followed by acid hydrolysis in 6 M HCl. Alkaline hydrolysis was used in the determination of Trp. All AA analyses were then conducted using a Beckman Model 7300 AA Analyzer (Beckman Coulter Inc., Brea, CA). Amino acid standards were obtained from Beckman Coulter Inc., Fullerton, CA, and cross-checked with standards from the National Institute of Standards and Technology, Gaithersburg, MD. Skin samples were extracted with chloroform:methanol (1:3, vol/vol) to remove excess fat before acid hydrolysis and analyses.
Amino acid content in samples (% of CP, DM basis) = [(AA content, % in samples, DM basis)/(CP content, % in samples, DM basis)] × 100.
Statistics
Data were analyzed for ANOVA by the GLM procedure of Statistical Analysis System (SAS Inst. Inc., Cary, NC). Comparisons of the major carcass and meat quality differences between CA pigs and conventional YK pigs were made using the Tukey's test and the pooled t test (Table 2 ). Pooled SE associated with the endpoints for Exp. 1 were calculated according to Byrkit (1987) . Effects of outbreeding on carcass lean traits for CA pigs over the third to sixth generations were examined by orthogonal polynomial contrasts.
RESULTS
Carcass Characteristics and Basic Meat Quality (Experiment 1)
There were no differences (P > 0.23; Table 1 ) in BW between CA and YK pigs. However, the dressing percentages of CA boars were less (P = 0.022) than YK boars, which could be attributed to a lower (P = 0.017) weight of skin from CA boars. There were no differences (P > 0.16) in weights of individual organs from CA boars and gilts as compared with YK pigs.
Leaf lard was greater (P < 0.04) in CA vs. YK pigs across both genders (Table 1) while there were no differences (P > 0.22) in carcass backfat thickness ( Table  3 ). The proportions of lean in the skinned left side of the carcass lacking the head LC and loin were lower (P < 0.05) in CA gilts than in YK gilts ( Table 2 ). The amounts of blade bone subprimal in the shoulder from CA boars and gilts were greater (P < 0.05) than those of YK pigs ( Table  2 ). Loin differences in carcass characteristics (Table 3) included greater (P < 0.02) depth of longissimus for YK vs. CA boars and gilts, greater (P < 0.03) loin length in YK vs. CA gilts, and larger (P < 0.01) loin eye area in YK vs. CA boars and gilts. Loin CIE a* color and National Pork Producers Council color were greater (P < 0.03) in CA gilts than corresponding loin color measurements for YK gilts. Ham National Pork Producers Council color was greater (P = 0.041) for CA vs. YK gilts. Drip loss values for loin and ham were greater than those previously reported for pigs processed at a commercial Ontario packing plant and the University of Guelph (Purslow et al., 2008) . However, 1 Left side of the skinned carcass and designated primals separated into lean, fat and bone. The carcass is the empty porcine body with all internal organs and head removed.
2 n = 12 for each of the number of CA boars, CA gilts, conventional YK boars, or gilts. 3 Pooled SEM (n = 12). 4 Chilled left side of skinned carcass without head (less drip loss). LC = the left side of the carcass lacking the head.
5 Endpoint values are expressed as percent of LC weight.
6 Endpoint values are expressed as percent primal weight. 7 Not separated into lean and fat.
these values were within the ranges reported by Purslow et al. (2008) for loin (mean drip loss of 7.7% with a range of 2.9 to 14.9%) and a ham (mean drip loss of 7.9% with a range of 2.3 to 16.4%; Purslow et al., 2008) .
Proximate Nutrient Composition of Tissues (Experiment 1)
The ground carcass from CA boars contained greater (P ≤ 0.033) concentrations of DM and crude fat and lower (P = 0.03) concentrations of NFE than YK boar carcasses (Table 4 ). There were no differences (P > 0.19) in the gross carcass composition of gilts. The DM content of the carcass bone component was greater (P < 0.03) for CA boars and gilts vs. YK pigs while the NFE content was lower (P = 0.012) in CA vs. YK gilts. There were no differences (P > 0.18) in nutrient composition of the lean component of the carcass between CA and YK pigs. The fat component of CA boars contained a greater (P = 0.010) concentration of DM but a lower (P = 0.015) concentration of CP than YK boars. There were no differences (P > 0.42) in the proximate nutrient composition of liver from CA and YK pigs. However, crude fat content of kidney was greater (P = 0.012) in CA vs. YK boars.
Crude fat and GE contents of skin were lower (P < 0.03) in CA vs. YK gilts (Table 4 ). There were no differences in proximate nutrient composition of belly, blood, heart, and lungs between CA and YK pigs (Supplemental Table 2 ).
Effects of Outbreeding on Carcass Lean Traits of the Cassie Pigs over Generations (Experiment 2)
Beginning with the fourth generation of CA pigs, the line was maintained by outbreeding of CA gilts hemizygous for the phytase gene (optimal combination of a minimal backfat thickness, greater estimated lean yield, and high salivary phytase activity) with commercial high lean index YK boars (n = 8; 10.39 mm ± 0.67 back fat; 63.69 ± 0.34%) estimated lean yield. The backfat thickness and lean yield of hemizygous CA offspring from these crosses were assessed during generations 3, 4, 5, and 6 for thickness and estimated lean yield (Table  5 ). Based on orthogonal polynomial contrasts, backfat thickness of CA gilts decreased (P = 0.002) by 7.2% in a linear pattern from the third generation to the sixth generation, although the backfat thickness of the CA boars did not change significantly (P > 0.05; Table 5 ), as assessed by the same method. There was a corresponding linear increase (P = 0.001) in lean yield by 1.4% in the CA gilts but no changes (P > 0.05) in lean yield for CA boars from the third to the sixth generation.
During the 5 yr of selective breeding of CA pigs, linear effects (P < 0.0001) for YK boars (n = 919) included a 1.9% decrease in backfat (P = 0.0785 for the orthogonal polynomial contrast examining the linear effect) and 0.28% increase in lean content (P = 0.0001 for the orthogonal polynomial contrast examining the linear effect). Linear and quadratic effects (P < 0.0001) for YK gilts (n = 2,123) included a 1.6% decrease in backfat (P = 0.0785 and P = 0.0037, respectively, for orthogonal polynomial contrasts examining linear and quadratic effects) and 0.27% increase in lean content (P = 0.0003 and P = 0.0088, respectively, for orthogonal polynomial contrasts examining linear and quadratic effects).
Mineral Composition (Experiment 1). The mineral content of tissues was of immediate interest because P has a central role in both metabolism and bone structure, and its metabolism can influence the fates of other minerals. There were generally no differences (P > 0.05) in mineral composition of the carcass except for lower (P = 0.018) Mn in CA vs. YK gilts (Table 6 ). Mineral differences for the bone component included lower (P < 0.04) K and Fe in CA vs. YK gilts. The carcass fat component in CA gilts contained a lower (P = 0.032) concentration of Na than YK gilts. The carcass lean component from CA boars contained lower (P < 0.05) concentrations of P, Na, and Cu than YK boars (Table 7) . The carcass lean component from CA gilts was lower (P < 0.05) in K, Na, and Cu than YK gilts. Liver from CA boars contained a lower (P = 0.002) concentration of Cu than YK boars. Liver from CA gilts contained lower (P < 0.004) concentrations of P and Mn than YK gilts (Table 7) . Kidneys from CA boars contained lower (P < 0.05) concentrations of P, Mg, K, Cr, Mo, and Se than YK boars (Table 7) while the only mineral difference found for kidneys from gilts was a lower (P = 0.002) concentration of Fe in CA vs. YK gilts. The Cr and Fe concentrations of skin were lower (P < 0.05) in CA vs. YK boars (Table 7) . There were no differences in the mineral concentrations of belly and heart between CA and YK pigs (Supplemental Table 3 ). However, blood from CA pigs contained a lower (P = 0.01) concentration of Mg than YK pigs while lungs from CA boars contained greater (P < 0.05) concentrations of Na and Cr than lungs from YK boars (Supplemental Table 3 ).
Fatty Acid Composition (Experiment 1). Cassis boar carcasses contained lower (P < 0.05) concentrations of C6, C16:1, C22:6, and C24:1 and greater (P < 0.05) concentrations of C20:2, C20:3, C22:4, and C22:5 than YK boar carcasses while there was no difference (P > 0.10) in fatty acid composition between CA and YK gilts ( Table 8 ). The ratio of cis-MUFA to cis-PUFA was lower (P = 0.03) in CA vs. YK boars.
There were greater (P < 0.04) concentrations of C18:3 and C20:4 in bone from CA vs. YK boars while there were greater (P < 0.04) concentrations of C18:2, C18:3, C20:2, C20:3, total ω-3 PUFA, and total ω-6 PUFA in CA vs. YK gilts ( Table 9 ). Total cis-MUFA were lower (P = 0.046) in CA vs. YK gilts, with lower (P < 0.05) cis-MUFA:cis-PUFA in CA boars and gilts versus their YK counterparts (Table 9) .
There were lower (P < 0.05) concentrations of C16:1 and C18:3 and greater (P < 0.05) concentrations of C18:0, C20:1, and C20:2 in fat from CA carcasses vs. YK boars (Table 10 ). Gilt differences in fatty acid composition were limited to a greater (P = 0.048) concentrations of C20:2 in CA vs. YK gilts.
Lean from CA boars and gilts exhibited numerous differences in fatty acid contents from those of YK pigs resulting in lower (P < 0.04) concentrations of cis-PU-FA, ω-3 PUFA, and ω-6 PUFA as compared with YK pigs (Table 11 ). The cis-MUFA:cis-PUFA was greater (P < 0.007) in lean of CA boars and gilts than YK pigs.
Kidney from CA boars contained greater (P = 0.006) concentrations of cis-MUFA whereas cis-PUFA, ω-3 PUFA, and ω-6 PUFA concentrations were lower (P < 0.05) than those in YK boars (Table 12 ). The overall effect was a greater (P = 0.021) cis-MUFA:cis-PUFA in CA boars vs. YK boars whereas the ω-3 PUFA:ω-6 PUFA was lower (P = 0.028) in CA boars. In contrast, the only difference in kidney fatty acid composition between CA and YK gilts was a decrease (P = 0.018) in C18:1 trans and an increase (P = 0.002) in C20:1 in CA vs. YK gilts. Liver from CA boars had greater (P < 0.05) concentrations of C18:3 (γ-linolenic acid), C20:1, and C20:5 than YK boars (Table 13) .
Skin from CA boars contained lower (P < 0.05) concentrations of C12 and C16:1 but a greater (P = 0.004) concentration of C20:1 vs. YK boars (Table 14) . The skin from CA gilts had a greater (P = 0.037) concentration of trans-fatty acids and a lower (P = 0.04) concentration of C20:2 vs. those of YK gilts. The skin from CA boars and gilts contained greater (P < 0.01) ω-3 PUFA:ω-6 PUFA than YK pigs.
The fatty acid composition of belly, blood, heart, and lung are presented in Supplemental Tables 4, 5, 6 , and 7. Belly from CA boars contained less (P < 0.05) C:10 and C16:1 but a greater concentration of C20:2 (P = 0.038) than YK boars (Supplemental Table 4 ). There were no differences in the fatty acid composition of blood between CA and YK pigs, except that C18:1 and total cis-MUFA were lower (P < 0.03) in CA vs. YK gilts (Supplemental Table 5 ). Heart from CA boars contained a lower (P = 0.009) concentration of C18:3 linolenic acid and greater (P = 0.03) concentrations of C20:1 than YK boars whereas C20:3 was greater (P = 0.026) in hearts of CA gilts vs. YK gilts (Supplemental Table 6 ). Lungs from CA boars contained a lower (P = 0.02) concentration of C16 and a greater (P < 0.04) concentration of C18:1 and total cis-MUFA than YK boars (Supplemental Table 7 ). Lungs from CA gilts contained a greater (P = 0.014) concentration of C20:1 than YK gilts.
Amino Acid Composition (Experiment 1).
Amino acid composition was determined on CA and YK lean, liver, kidney, skin, and heart tissues. There was no difference in AA composition of lean from CA and YK pigs (Table 15 ). Liver tissue from CA boars and gilts had greater (P < 0.04) concentrations of the indispensable AA Arg vs. YK pigs (Table 16 ). There were numerous differences in AA composition of CA and YK kidney tissues (Table 17) . Among the indispensable AA, Arg was present in greater (P < 0.05) concentrations in CA boar and gilt tissues than in YK pigs. Histidine, Leu, Lys, Met, Phe, Thr, and Trp concentrations were lower (P < 0.05) in kidneys from CA boars vs. YK boars. Kidneys from CA boars contained lower (P < 0.05) concentrations of dispensable AA Asp, Ser, and Tyr and greater (P < 0.04) concentrations of Gly and hydroxylysine than YK boars. Kidney from CA gilts contained a lower (P = 0.045) concentration of indispensable Trp and a greater (P = 0.042) concentration of Glu than YK gilts. Skin tissue from CA gilts contained lower (P < 0.05) concentrations of indispensable Met and Trp than YK gilts (Table 18 ). There were no differences in the AA composition of heart tissues between the CA and YK pigs (Supplemental Table 8 ).
DISCUSSION
Analysis of nutrient composition for transgenic CA line of YK pigs and age-matched conventional YK pigs was conducted to assess comparative carcass and tissue composition traits. Third generation CA pigs were raised to slaughter weight as previously reported by Meidinger et al. (2013) in parallel with age-matched YK pigs. The analyses showed some differences in overall body composition between CA and YK pigs. Carcasses Table 5 . Effects of outbreeding with high lean index conventional Yorkshire boars from the Ontario Swine Improvement boar semen facility on improving the carcass quality traits of backfat thickness and lean yield and gender responses to these effects in the Cassie (CA) line transgenic Yorkshire finisher pigs 1 Linear (P = 0.001; n = 176), quadratic (P = 0.315; n = 176), and cubic effects (P = 0.313; n = 176) on backfat thickness for all CA pigs including boars and gilts; linear (P = 0.545; n = 73), quadratic (P = 0.390; n = 73), and cubic effects (P = 0.309; n = 73) on backfat thickness of the CA boars; and linear (P = 0.002; n = 103), quadratic (P = 0.927; n = 103), and cubic effects (P = 0.524; n = 103) on backfat thickness for CA gilts in response to outbreeding as analyzed by orthogonal polynomial contrasts.
2 Linear (P = 0.0003; n = 176), quadratic (P = 0.386; n = 176), and cubic effects (P = 0.364, n = 176) on lean yield for all CA pigs including boars and gilts; linear (P = 0.353; n = 73), quadratic (P = 0.364; n = 73), and cubic effects (P = 0.301; n = 73) on lean yield for CA boars; and linear (P = 0.001; n = 103), quadratic (P = 0.949; n = 103), and cubic effects (P = 0.609; n = 103) on lean yield for CA gilts in response to outbreeding as analyzed by orthogonal polynomial contrasts. 3 Pooled SE calculated according to Byrkit (1987) . 4 Number of finisher pigs tested is shown in parentheses. 2 n = 6 for each of CA boars, CA gilts, conventional YK boars or gilts. 3 Pooled SEM (n = 6).
4 nd = not detected. 2 n = 12 for each of the number of CA boars, CA gilts, conventional YK boars, or gilts. 3 Pooled SEM (n = 12).
4 nd = not detected (for specific gender/line subclass). Other fatty acids including C4, C18:4, C20:5, C22:2, and C24:0 were not detected for any line/gender subclass. 5 Total SFA = (C6:0) + (C8:0) + (C10:0) + (C12:0) + (C14:0) + (C16:0) + (C18:0) + (C20:0) + (C22:0). 6 Total cis-MUFA = (C14:1) + (C16:1) + (C18:1 cis) + (C20:1) + (C22:1) + (C24:1). 7 Total cis-PUFA = (C18:2 cis) + (C18:3) + (C20:2) + (C20:3) + (C20:4) + (C22:4) + (C22:5) + (C22:6). 8 Total ω-3 PUFA = C18:3 (linolenic acid) + C20:3.
9 Total ω-6 PUFA = C18:2 (linoleic acid) + C18:3 (γ-linolenic acid) + C20:2 + C20:4 + C22:4. 2 n = 12 for each of the number of CA boars, CA gilts, conventional YK boars, or gilts. 3 Pooled SEM (n = 12).
4 nd = not detected (for specific gender/line subclass). Other fatty acids including C4, C18:3 (γ-linolenic acid), C18:4, C20:5, C20:5, C22:2, C22:5, C22:6, C24:0, and CLA were not detected for any line/gender subclass. 5 Total SFA = (C6:0) + (C8:0) + (C10:0) + (C12:0) + (C14:0) + (C16:0) + (C18:0) + (C20:0) + (C22:0). 6 Total cis-MUFA = (C14:1) + (C16:1) + (C18:1 cis) + (C20:1) + (C22:1) + (C24:1). 7 Total cis-PUFA = (C18:2 cis) + (C18:3) + (C20:2) + (C20:3) + (C20:4) + (C22:4) + (C22:5) + (C22:6). 8 Total ω-3 PUFA = C18:3 (linolenic acid) + C20:3 + C22:6.
9 Total ω-6 PUFA = C18:2 (linoleic acid) + C18:3 (γ-linolenic acid) + C20:2 + C20:4. 2 n = 12 for each of the number of CA boars, CA gilts, conventional YK boars, or gilts. 3 Pooled SEM (n = 12).
4 nd = not detected (for specific gender/line subclass). Other fatty acids including C4, C6, C8, C18:4, C20:5, C22:2, C24:0, and C24:1 were not detected for any line/gender subclass. 5 Total SFA = (C10:0) + (C12:0) + (C14:0) + (C16:0) + (C18:0) + (C20:0) + (C22:0). 6 Total cis-MUFA = (C14:1) + (C16:1) + (C18:1 cis) + (C20:1) + (C22:1). 7 Total cis-PUFA = (C18:2 cis) + (C18:3) + (C20:2) + (C20:3) + (C20:4) + (C22:4) + (C22:5). 8 Total ω-3 PUFA = C18:3 (linolenic acid) + C20:3 + C20:5 + C22:5.
4 nd = not detected (for specific gender/line subclass). Other fatty acids including C4, C18:4, C20:5, C22:0, C22:2, and C24:0 were not detected for any line/ gender subclass. 5 Total SFA = (C6:0) + (C8:0) + (C10:0) + (C12:0) + (C14:0) + (C16:0) + (C18:0) + (C20:0). 6 Total cis-MUFA = (C14:1) + (C16:1) + (C18:1 cis) + (C20:1) + (C22:1) + (C24:1). 7 Total cis-PUFA = (C18:2 cis) + (C18:3) + (C20:2) + (C20:3) + (C20:4) + (C22:4) + (C22:5) + (C22:6). 8 Total ω-3 PUFA = C18:3 (linolenic acid) + C20:3 + C22:5 + C22:6.
4 nd = not detected (for specific gender/line subclass). Other fatty acids including C4, C8, C14:1, C18:4, and C22:2 were not detected for any line/gender subclass. 5 Total SFA = (C6:0) + (C10:0) + (C12:0) + (C14:0) + (C16:0) + (C18:0) + (C20:0) + (C22:0) + (C24:0). 6 Total cis-MUFA = (C16:1) + (C18:1 cis) + (C20:1) + (C22:1) + (C24:1). 7 Total cis-PUFA = (C18:2 cis) + (C18:3) + (C20:2) + (C20:3) + (C20:4) + (C20:5) + (C22:4) + (C22:5) + (C22:6). 8 Total ω-3 PUFA = C18:3 (linolenic acid) + C20:3 + C22:5 + C22:6.
4 nd = not detected (for specific gender/line subclass). Other fatty acids including C4, C14:1, C18:4, C22:1, and C22:2 were not detected for any line/gender subclass. 5 of CA boars had a lower dressing percentage than YK boars. Both CA boars and gilts contained more leaf lard than YK pigs while CA boars contained greater amounts of crude fat than YK boars. Loin (longissimus) dimensions of CA pigs were generally smaller than those of YK pigs, yet lean content of loin and carcass CP concentration were similar for CA and YK pigs. Other than the differences mentioned, there were no other differences in the proportions or weight distributions of other tissues or organs as compared to YK pigs. Phosphorus is a major nutrient in swine nutrition. The CA pigs were designed to express phytase to enable utilization of phytate-bound phosphorus that is found in conventional plant-based feed ingredients thereby eliminating the need for inclusion of supplemental P in the diet. Meidinger et al. (2013) reported no differences in serum P levels between CA pigs fed a diet lacking supplemental P and conventional YK pigs fed the identical diet supplemented with P; serum alkaline phosphatase activity levels were also lower for CA than YK pigs. Growth of CA pigs was not limited by lack of sufficient available dietary P. These findings are consistent with previous work by Boyd et al. (1983) , Pointillart (1991) , and Stahl et al. (2000 Stahl et al. ( , 2004 in evaluating the influence of P limitation on serum alkaline phosphatase activity and serum P concentrations. From comparative analyses of CA and YK tissues and organs in this study, lean and kidney of CA boars and liver from CA gilts contained lower concentrations of P than the same tissues from conventional pigs. However, there was no tissue where the P content was lower for both CA boars and gilts and no other CA tissues exhibited a lower P content than YK pigs. Furthermore, there was no difference in either bone content or P content of bones between CA and YK pigs, which clearly documents the adequacy of phytase in releasing sufficient P for growth. This documents that phytase produced by CA pigs provides sufficient P for normal growth and metabolism.
While calcium metabolism is tightly linked to P metabolism, there were no significant differences in Ca concentrations for any tissues between CA and YK pigs including bone. This provides strong evidence of normal bone mineral metabolism in transgenic CA pigs. 2 n = 6 for each of CA boars, CA gilts, conventional YK boars or gilts. 3 Pooled SEM (n = 6). 4 Including Asn. 5 Including Gln.
6 Hyl = hydroxylysine; Hyp = hydroxyproline; Lan = lanthionine; Orn = ornithine; Tau = taurine.
For all tissues analyzed, the greatest differences in mineral, fatty acid, and AA contents between transgenic and conventional pigs were found for kidneys. While kidneys from CA boars contained lower concentrations of Cr, K, Mg, Mo, P, and Se than YK boars, Fe was the only mineral lower in CA gilts as compared to YK gilts. The difference in mineral concentrations for CA boar kidneys is notable because CA barrows fed a diet lacking supplemental P were shown to have a greater capability to digest K and Na than conventional YK barrows fed a diet containing supplemental P , thereby linking kidney composition to function, since the kidney is critical for homeostatic regulation of mineral retention in pigs (Crenshaw, 2001) .
In addition, differences in fatty acid composition and AA composition between CA and conventional YK kidneys emphasize the need for comparative analysis of the proteomes of kidney tissues for transgenic and conventional YK pigs dependent on phytase for generating dietary P. This information could help to determine whether renal functions are influenced in boars by digestion of phytate as the source of dietary P that does not appear to be affected in CA gilts or conventional YK boars receiving dietary supplemental P. The obvious question is whether changes in potassium and sodium excretion observed in finisher CA barrows would be observed in conventional YK boars fed a diet without supplemental P but containing phytase and whether changes in kidney tissue composition would be found in conventional finisher boars similar to changes observed in CA boars.
With the exception of the differences found for kidney nutrient composition, few other substantial changes in nutrient composition were observed. The lack of substantive 2 n = 6 for each of CA boars, CA gilts, conventional YK boars or gilts. 3 Pooled SEM (n = 6). 4 Including Asn. 5 Including Gln.
6 Hyl = hydroxylysine; Hyp = hydroxyproline; Lan =lanthionine; Orn = ornithine; Tau =taurine.
effect of transgenic modification on the AA composition in heart, lean, liver, and skin is supported by the lack of differences observed in the distribution of major proteins in liver and muscle tissues documented by detailed proteomic analyses (Golovan et al., 2008; Hakimov et al., 2009) . These authors reported few changes in the relative concentrations of 880 liver and 542 muscle proteins in CA and YK tissues, respectively. In this context, past studies reported no differences in composition of meat cuts or organoleptic characteristics of pork from conventional pigs fed diets with or without supplemental phytase (Cromwell et al., 1995; O'Quinn et al., 1997; Peter et al., 2001; Pallauf, 2002, 2003) . However, before our study there has not been a detailed examination of the effect of supplemental phytase on kidney composition and function in male pigs. Answers to these questions would not only help resolve the issue of whether the kidney changes observed in the CA line were a physiological response to the presence of phytase or an unintended effect of the transgene. In addition, it would also provide valuable physiological information about the influence of P availability on regulation of kidney function. From the perspective of transgenic modification, it will be valuable to know whether seemingly unrelated changes were linked to insertion and integration of the transgene complex or are caused by natural physiological effects.
During the CA pig selective breeding program to improve performance and carcass composition parameters, back fat thickness and lean yield and salivary phytase activity were routinely measured. A similar program was ongoing with the University of Guelph conventional YK pigs. Over the 4 generations of the program, CA gilts exhibited reduced backfat thickness and increased lean yield. Yorkshire gilts also exhibited a 2 n = 6 for each of CA boars, CA gilts, conventional YK boars or gilts. 3 Pooled SEM (n = 6). 4 Including Asn. 5 Including Gln.
6 Hyl = hydroxylysine; Hyp = hydroxyproline; Lan =lanthionine; Orn = ornithine; Tau = taurine.
reduced backfat and increases in lean yield. There was no change in either the backfat thickness or lean yield of CA boars while conventional boars exhibited a reduction in backfat and an increase in lean yield during this period. Over the 4 generations of breeding, CA pigs there was no differences in the salivary phytase activities assayed at 10 d of age and no differences in salivary phytase activities between boars and gilts . These data show that it is possible to use a combination of transgenic modification and selective breeding to improve nutrient utilization and meat composition in swine.
The changes in backfat thickness and lean yield observed in the CA gilts are consistent with the backfat heritability value of 0.5 that is negatively related to lean content with a heritable value of -0.7 (Cassady and Robison, 2008) . A major QTL for carcass fatness and lean growth, denoted FAT1, has been previously detected and localized on pig chromosome 4 (Berg et al., 2006) . This is noteworthy because the 44-kb phytase transgene complex was integrated in chromosome 4 and, during the course of the insertion, a 66-kb chromosome segment was deleted, which could also cause a genetic defect . However, the basic local alignment search tool (BLAST) search of the 66-kb segment from a GenBank clone did not reveal any essential genes. Because body composition of CA pigs was largely the same as the conventional pigs and genetic improvement in CA gilts was observed without an effect on salivary phytase activity, these observations would indicate that neither the presence of the phytase transgene or loss of the 66 kb chromosome segment had no obvious deleterious effect.
In summary, there were few differences in gross carcass and detailed tissue composition, major meat cuts and meat quality measures such as meat color, firmness, wet- 2 n = 6 for each of CA boars, CA gilts, conventional YK boars or gilts. 3 Pooled SEM (n = 6). 4 Including Asn. 5 Including Gln.
6 Hyl = hydroxylysine; Hyp = hydroxyproline; Lan = lanthionine; Orn = ornithine; and Tau = taurine.
ness, marbling, and drip loss between transgenic CA pigs and conventional YK pigs. These data in conjunction with the demonstrated ability to enhance lean content of a transgenic pig by conventional selective breeding documents the value of the application of transgenic technology to enhance food animal production.
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